% Office I 

% ;^ 





INVESTOR EN PEOPLE 



The Patent Office 
Concept House 



Cardiff Road 
Newport 



South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Dated 



Signed 



16 September 2003 




An Executive Agency of the Department of Trade and Industry 



Patents Form 1/77 



Yatents Act 1977 
CRulelB) 




.The. 



- 5 OCT 2002 Patent 
NEWPORT 



070CT2 




P0i/7700 6.00-0223175^1 



Request for grant of a patent 

(See the notes on the back of this form. You can also get an 
explanatory leaflet from the Patent Office to help you fill in 
this form) 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP9 1RH 



1 . Your reference 

P 100844 GB 



2. Patent application number 

(The Patent Office will fill in this part) 



0223175.1 



OCT 200? 



3. Full name, address and postcode of the or of Eaton Corporation 



each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Eaton Center, 1 1 1 Superior 
Avenue, Cleveland 
Ohio, 44114-2584 
United States of America 

United States of America 



UNcvol iuL 



4. Title of the invention 

Improvements in or relating to gearboxes 



5. Name of your agent (if you have one) , , . . , . _ 

J 5 Harrison Goddard Foote 

"Address for service" in the United Kingdom Orlando House 

to which all correspondence should be sent 11c Compstall Road 

(including the postcode) Marple Bridge 

Stockport SK6 5HH 
United Kingdom 



Patents ADP number (if you know it) 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country Priority application number 

(if you know it) 



Date of filing 
(day / month /year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Yes 



Patents Form 1/77 



t 



Patents Form 1/77 

b: ' Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 

Claim^ 
Abstract 

Drawing fo) 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 

(Patents Form 10/77) 

Any other documents 

(please specify) 

[1 - I/We request the grant of a patent on the basis of this application. 




; 04/10/0 2 

12. Name and daytime telephone number of 

person to contact in the United Kingdom David J Goddard 0161 427 7005 

Warning 

After an application for a patent has been Hied, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been Hied at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered Yes ■' Patents Form 7/77 will need to be tiled. 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 




/ 

1 



Covering letter, fee sheet 



Patents Form 1/77 



P100844GB 

IMPROVEMENTS IN OR RELATING TO GEARBOXES 

5 The present invention relates generally to gearboxes for 
vehicles particularly, though not exclusively, to 
gearboxes for heavy vehicles such as trucks, for example. 

Gearboxes for heavy vehicles such as road haulage trucks, 

10 for example, tend to be physically large and because of 
the application, highly -stressed. Such gearboxes have 
many moving parts which require adequate lubrication of 
the gears per se and of the bearings on which the gears 
and support shafts, for example, rotate. Gearboxes having 

15 as many as sixteen speeds are common. Generally, the more 
gears in the gearbox, the larger it is physically. Some 
gearboxes are able to operate efficiently with the 
lubrication of the moving parts effected by so-called 
splash lubrication where oil in the gearbox casing is 

20 distributed all around internally by being thrown by the 
rotating gears thus providing a sufficient supply of oil 
to moving surfaces. However, there are gearboxes where 
splash lubrication does not provide an adequate oil 
supply to all parts. Some gearboxes may require, for 

25 example, pressure feed lubrication to a rear output shaft 
bearing, for example. 

In order to provide a pressure feed of oil to parts that 
require it some gearboxes have an oil pump incorporated 
30 therein within the gearbox casing itself. Generally, such 
prior art gearbox oil pumps have been driven off of the 
layshaf t by a dedicated engaging spur gear provided on 
the layshaf t, i.e. a gear in addition to the usual 
layshaft gears which mate with the respective forward or 
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reverse gears on the main shaft in the gearbox. The 
dedicated spur gear has engaged with a toothed annulus of 
a gerotor type oil pump, for example, causing the annulus 
to rotate about a central, fixed rotor member and thereby 
5 pump oil. In this type of construction it is necessary to 
provide a dedicated gear on the layshaft, an oil pump 
annulus having gear teeth and a separate shaft on which 
the oil' pump may be supported and a supporting structure 
in the gearbox casing. All of these requirements are 
10 costly and, as importantly, lead to ' an increase in the 
size and weight of the gearbox. 

It is an object of the present invention to provide an 
oil pump in a gearbox which ^is simpler, less costly, 
15 lighter and less space consuming than prior art 
arrangements . 

According to a first aspect of the present invention 
there is provided a gearbox having an oil pump driving 

20 arrangement therein,, the arrangement comprising: oil pump 
means adapted for pumping oil by rotation' of at least a 
part of said oil pump about an axis; said part being 
operably connected for rotation to reverse idler gear 
means whereby rotation of said idler gear means causes 

25 said oil pump means to pump oil. 

According to a second aspect of the present invention 
there is provided a method of incorporating an oil pump 
into a gearbox, the method comprising the steps of: 

30 providing oil pump means which comprise at least two 
relatively moving parts which are adapted to co-operate 
to pump oil; operably connecting reverse idler gear means 
to at least one of said at least two moving parts so as 
to cause relative movement therebetween and thereby to 

-35 effect pumping of oil. 
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Generally, all gearboxes have a reverse idler gear, the 
purpose of which, when reverse gear is engaged, is to 
reverse the direction of rotation of the gearbox output 
shaft so as to enable the vehicle to move in a reverse 
5 direction. 

The reverse idler gear is virtually universally driven by 
the gearbox layshaft which is rotating at all times when 
the engine of the vehicle is running even though the 

10 vehicle gearbox may be in neutral and the vehicle 
stationary. Thus, the reverse idler gear, which is in 
constant driven engagement with the layshaft, is also 
rotating at all times and driving the oil pump means. 
Thus when the engine is running, the oil pump provides a 

15 supply of oil under pressure to those parts of the 
gearbox to which it is in fluid supply connection. 

Since all gearboxes are provided with a reverse idler 
gear which is also provided with its own dedicated idler 

20 gear shaft on or about which it rotates and a layshaft 
gear from which it is driven, an oil pump driving 
arrangement according to the present invention requires 
significantly less space in a gearbox casing which 
consequently may be made smaller and lighter. 

25 Furthermore, an extra drive gear on the layshaft may be 
dispensed with as may several parts which were needed in 
prior art arrangements thus further reducing cost and 
weight . 

30 The pressure of oil delivery generally does not need to 
be very high. The major requirements are that oil is 
constantly and reliably supplied to remote parts of the 
gearbox such as bearings, for example, and that if an oil 
cooler is fitted, then sufficient oil pressure is 
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available to circulate the oil around the oil cooling 
system. 

In this specification the term "constant oil supply" does 
5 , not means a constant flow in terms of volume/unit time 
but merely that there is a flow of oil substantially at 
all times when the layshaft is rotating. Thus, the rate 
of oil delivery may vary. 

10 The oil pump type is not of great importance per se and 
different types of pump may be adapted for use in the 
arrangement of the present invention. The major 
requirement is that the pump will pump' oil by rotation of 
at least a component part of the pump by being driven 

15 about an axis by the rotating reverse idler gear. . 

Suitable types of pump may include gerotor type pumps, 
gear pumps and crescent type pumps, for example. 

20 In some pumps the axis of rotation of the moving member 
or component part may be about an axis which is eccentric 
to other co-operating functional parts of the pump. In 
the present invention, however, the axis of rotation may 
be that of the reverse idler gear support shaft and, 

25 where appropriate, the relevant functional parts of the 
pump may be adapted so as to rotate eccentrically about 
the idler gear axis. 

In a preferred embodiment of the present invention, the 
30 oil pump means may -be incorporated into the body of the 
reverse idler gear per se . Consequently, in addition to a 
functional part of the oil pump rotating about the axis 
of the reverse idler gear means, the oil pump means may 
also lie mainly or substantially within the axially 
35 directed space defined by end faces of the reverse idler 
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gear means. Thus, an oil pump may be incorporated into a 
gearbox with virtually no increase in the space required 
therein . 

5 In one embodiment of the present invention a gerotor type 
oil pump has been used. Gerotor type oil pumps comprise 
an outer annulus having a lobed void inside and a rotor 
member having a lobed shape which co-operates with the 
void of the annulus by relative rotation therewith so as 

10 suck oil in at one position and expel the oil under 
pressure at another position. All that is required is 
that the annulus and rotor rotate relative to each other 
and that appropriate porting is provided to define oil 
entry and exit positions. Thus, in the embodiment of the 

15 present invention the annulus is incorporated in an 
eccentric manner in the reverse idler gear and 
consequently rotates and the rotor member is incorporated 
into the idler gear support shaft which is essentially 
stationary as is the rotor and about which the idler gear 

20 rotates whilst supported on bearings such as rolling 
element type bearings, for example. In this embodiment, 
whilst the central pump element is termed a "rotor" it is 
nevertheless stationary and it is effectively the pump 
body or annulus which rotates about the rotor. 

25 

A component part or. parts of most : pumps which are 
suitable for use in the present invention are so-called 
port plates which have ports which govern oil input to 
the pump and oil output from the pump." In the present 
30 invention oil supply to the pump may be from one radial 
face of the pump whilst oil output may be from the 
opposite radial face of the pump. Alternatively, both oil 
input and output may be effected from one radial face of 
the pump by suitably adapted port plates. 

35 
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Oil input and output may be effected through the 
stationary idler gear support shaft. 

Oil supply circuits may be provided by any suitable means 
5 such as oil galleries in the gearbox casing or separate 
oil pipes, for example. 

According to a third aspect of the present invention, 
there is provided a power plant comprising an engine and 
10 a gearbox embodying the first and/or second aspects 
according to the present invention. 

According to a. fourth aspect of the present invention 
there is provided a motor vehicle embodying the first 
15 and/or second and/or third aspects of the present 
invention. 

In order that the present invention may be more fully 
understood, an example will now be described by way of 
20 illustration only with reference to the accompanying 
drawings, of which: 

Figure 1 shows a schematic view of a gear train including 
a reverse idler gear in a gearbox; 

25 

Figure 2 shows a perspective view of part of a gearbox 
casing including a reverse idler gear in which an oil 
pump arrangement according to the present invention is 
embodied; 

30 

Figure 3 shows a. perspective view of a reverse idler gear 
and support shaft embodying an oil pump arrangement 
according to the present invention; 
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Figure 4 shows an exploded view of the component parts of 
the embodiment shown in Figure 3 / 

Figure 5 shows an end view in the axial direction of the 
5 embodiment of Figure 3 in the direction of the arrow 5; 

Figure 6 shows a cross section through the plane 6-6 of 
Figure 5 ; 

10 Figure 7 shows a cross section through the plane 7-7 of 
Figure 5; and 

Figure 8 which shows a view in elevation' of the rotor and' 
annulus of a gerotor type oil pump. 

15 

Referring now to the drawings and where the same features 
are denoted by common reference numerals. 

Figure 1 shows a schematic perspective view of a gear 

20 train 10. The gear train 10 includes a set of gears 12 
axially aligned with an input shaft 14 driven by an 
engine (not shown) and an output flange 16 which 
transfers drive from the engine to a differential (not 
shown), for example, and then to drive wheels (not shown) 

25 on a vehicle (not shown) . The gear ■ train 10 further 
includes a layshaft 20 having a plurality of gears . 
thereon' which, when the' engine is running, rotates all 
the time (the term "layshaft" is known in the art as- that 
shaft and its associated gears as a unit; in United 

30 States parlance the same part is referred to as the 
"countershaft") . The layshaft is driven by a gear 22 
permanently connected to the input shaft 14 and which is 
in constant driving engagement with a gear 24 on the 
layshaft 20, the gears 22, 24 being termed the- u headset 

35 gears" . The gear train 10 includes a reverse idler gear 
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30 which rotates on or with its own support shaft 32. And 
serves to change the direction of rotation of the output 
flange 16 via the reverse gear 34 when the vehicle is to 
move in reverse. The layshaft 20 has a gear 36 which is 
5 in permanent driving engagement with the reverse idler 
- gear. The various gears are in - driving engagement with 
each other via gear teeth as is well known in the art. 
The gear train 10 is enclosed in a casing (not shown in 
Fig. 1) according to normal practice and contains a 

10 supply of oil. The oil lies in a sump in the gearbox 
casing and is distributed around the gearbox by both 
splash lubrication as described hereinabove and by the 
oil pump arrangement according to the present invention. 
Gears are selected via a gearshift lever (not shown) and 

15 gear selectors (not shown) in the gearbox by the vehicle 
driver as required and the gear train 10 as shown 
operates in the manner of known gearboxes and will not be 
described further . 

20 Figure 2 shows a part of a gearbox casing 4 0 which houses 
the reverse idler gear 3 0 and its support shaft 32 in a 
pair of webs 42 . 44 denotes an aperture which receives a 
bearing (not shown) which rotatably supports one end 4 6 
of the layshaft 20 about its axis 50. Aperture 52 houses 

25 a bearing (not shown) which rotatably supports the output 
end 54 of the mainshaft 56, on which the gears 12 are 
mounted, about its axis 58. 

Figures 3 to 7 show various views of the reverse idler 
30 gear 30, its support shaft 3 2 and an oil pump arrangement 
according to the present invention. 

In the embodiment, the reverse idler gear 3 0 rotates 
about the shaft 32 on bearings 70, in this case rolling 
35 element bearings such as ball -races, for example, the 
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shaft 32 being fixed and unable to rotate in the webs 42 
due to mechanical locking devices such as pins, keys, 
bolts or the like (not shown) engaging with the shaft or 
by an interference fit with the webs 42. The shaft 32 
5 comprises two shaft portions 74, 76 having reduced 
diameter portions 8 0- to receive the inner races 82 of the 
bearings 70. The two shaft portions 74, 76 are connected 
by the rotor member 84 of a gerotor type oil pump, 
designated generally at 88. The rotor member 84 comprises 

10 a stationary rotor element 90 and two stub shafts 92 
which are received in bores 94 in the inner ends of the 
shaft portions 74, 76. The rotor member 84 is keyed to 
the shafts 74, 76 by pins 96 received in aligned holes 
98, 100 in the shafts 74, 76 and rotor member shafts 92, 

15 respectively and which prevent the rotor member from 
rotating and maintains it in a fixed relationship with 
the shaft 32. The reverse idler gear 30 has a bore 110 to 
receive the annular member 114 of the gerotor oil pump 
and which annulus has an interference fit in the bore 110 

20 so that it rotates with the gear 3 0 and cannot rotate 
relative to the gear bore 110. The gear 30 is also 
provided with port plates 120, 122 with ports 124, 126, 
respectively and which ports are positioned to co-operate 
with the suction: oil input, and pressure: oil output, 

25 sectors of the pump during relative rotation of the rotor 
element and annulus void 130. The port plates 120, 122 
each have "holes 132, 134 through which the stub shafts 92 
of the rotor member pass. The port plates 12 0, 122 are 
keyed in place to the annulus 114 by dowels 136 so as to 

30 prevent relative rotation therebetween. The gear 30 is 
also provided with bores 13 8 to receive the outer races 
140 of the bearings 70. Oil is supplied to the suction 
side port plate 120 by conduit drillings 142 in shaft 
member 74 and oil is expelled under pressure from port 
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plate 122 into an oil supply circuit (not shown) by 
conduit drillings 144 in shaft member 76. 

In operation relative rotation of the anhulus 114 and 
5 rotor element 90 causes the lobes 150 of the rotor 
_ element 90 and co-operating void lobes 152 of the annul us 
to mesh so as to pump oil . As may be seen more clearly in 
Figure 8, the axes of rotation of the annulus 156 and 
that of the rotor 158 are mutually offset. The axis 158 

10 of the rotor member 84 is also the common axis of the 
shaft 32 and the gear 30 about which the gear 30 rotates. 
In Figure 8 the volume indicated by 160 is the suction, 
oil input part of the oil pumping cycle; the volume 
denoted by 162 is the oil transfer phase; and, the volume 

15 denoted by 164 is the pressure, oil output part of the 
phase. However, the operation of the gerotor type oil 
pump in the present invention is the same as any gerotor 
oil pump and will be understood by any person normally 
skilled in the oil pump art and will not be described 

20 further. 

Although the present invention has been described with 
the rotor element 90 being formed on a rotor member 84 
and being assembled with two shaft members 74, 76, this 

25 may not necessarily be the case as the rotor element 90 
may be formed integrally with one or other of the shaft 
members 74, 76. Similarly, the annulus has been described 
as a separate member fitted to the gear wheel 30, 
however, the ' annulus may be formed • integrally in the body 

30 of the gear 3 0 during manufacture thereof thus reducing 
complexity and the number of parts involved. 

The embodiment shown has the oil route passing through 
the shaft 32 from one side to the other via the pump 88 
35 though port plates 12 0, 12 2 having ports 124, 12 6 which 
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lie on either side face of the annulus 114. However, the 
oil supply route comprising input and output may be 
formed on one radial face only of the annulus by means of 
suitably positioned ports and oil conduits, if desired. 

Although described with reference- to a gerotor type oil 
pump, the present invention may embody any suitable type 
oil pump such as other gear type pumps or a crescent type 
pump, for example. 
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A gearbox having an oil pump driving arrangement 
therein, the arrangement comprising: oil pump means 
adapted for pumping oil by rotation of at least a 
part of said oil pump about an axis; said part being 
operably connected for rotation to reverse idler 
gear means whereby rotation of said idler gear means 
causes said oil pump means to pump oil . 
An arrangement according to claim 1 wherein said 
axis is the axis of rotation of said reverse idler 
gear means . 

Ah arrangement according to either claim 1 or claim 
2 wherein part of said oil pump means is 
incorporated into said reverse idler gear means. 
An arrangement according to any one preceding claim 
wherein operative, relatively moving parts of said 
oil pump means lie axially within radial planes 
defined by axial end faces of said reverse idler 
gear means . 

An arrangement according to any one preceding claim 
wherein a shaft on which said reverse idler gear 
means is mounted is stationary and said reverse 
idler gear is rotatable about said shaft. 
An arrangement according to claim 5 wherein a first 
operable part of said oil pump means is incorporated 
into said shaft means and is stationary therewith. 
An arrangement according to claim 6 wherein a second 
operable part of said oil pump means is incorporated 
into said reverse idler gear means and is rotatable 
about said first operable part. 

An arrangement according to any one preceding claim 
wherein said oil pump means is a gerotor type oil 
pump comprising a rotor element and an annulus 
member . 
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An arrangement according to claim 8 wherein the 
annulus member rotates eccentrically with respect to 
the axis of rotation of said reverse idler gear 
means . 

An arrangement according to either claim 8 or claim 
9 wherein said annulus member is fitted to said 
reverse idler gear means. 

An arrangement according to either claim 8 or claim 
9 wherein said annulus is formed integrally with 
said reverse idler gear means. 

An arrangement according to any one preceding claim 
wherein an oil path is effected through the idler 
gear support shaft.' 

An arrangement according to any one of preceding 
claims 1 to 7 wherein said oil pump means is 
selected from the group comprising gear pumps and 
crescent type pumps . 

A method of incorporating an oil pump into a 
gearbox, the method comprising the steps of: 
providing oil pump means which comprise at least two 
relatively moving parts which are adapted to co- 
operate to pump oil;, operably connecting reverse 
idler gear means to at least one of said at least 
two moving parts so as to cause relative movement 
therebetween and thereby to effect pumping of oil . 
A power plant comprising an engine and a gearbox, 
the -gearbox embodying the arrangement of any one of 
preceding claims 1 to 13. 

A motor vehicle embodying a gearbox or power plant 
as defined in any one preceding claim from 1 to 13 
and 15. 

A gearbox having an oil pump driving arrangement 
therein substantially as hereinbefore described with 
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reference to the accompanying description and 
Figures 1 to 8 of the drawings . 
18. A vehicle having a gearbox having an oil pump 

driving arrangement therein substantially as 

5 hereinbefore described with reference to the 
accompanying description and Figures 1 to 8 of the 
drawings. 
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ABSTRACT 



A gearbox having an oil pump driving arrangement therein 
is described, the arrangement comprising: oil pump means 
adapted for pumping oil by rotation of at least a part of 
said oil pump about an axis; said part being operably 
connected for rotation to reverse idler gear means 
whereby rotation of said idler gear means causes said oil 
pump means to pump oil. 
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